EMATs have been used in ultrasonic based research for over 20 years [1, 2] . Improvements in permanent magnet technology and the required supporting electronic circuitry have made EMATs a realistic alternative to piezoelectric transducers in many applications. EMATs are limited to working on electrical conductors and are roughly three orders of magnitude less sensitive than PZT, so generally there has to be a special reason to use an EMAT in preference to a PZT. The scanning of an adhesively bonded plate is one of these areas where the EMAT should offer an improvement over tests done with conventional PZT transducers. The EMAT is a broadband device ( 5MHz bandwidth centred on 5MHz), giving it high spatial resolution in the direction of propagation, and is also a totally non-contact device, so no acoustic couplant is required. The most attractive feature of the EMAT used here in this work is that it generates radially polarised SH waves which should be more sensitive than longitudinal waves at normal incidence to a bonded interface. The design and construction of the EMAT will first be discussed and this will be followed by the presentation of various results obtained using the EMAT systems. EMATs have been used to probe bond integrity in the past [3, 4] , but have to the best of the authors knowledge not been used in a broadband, true pulse-echo mode.
the transducer to the pulse/receiver circuitry. The magnetic field normal to the plane of the spiral coil was provided by a NdFeB permanent magnet. A steel backing cylinder was used to lower the demagnetising factor and increase the field at the surface of the magnet from 0.35T to O.5T. The magnet and coil was cased in a brass housing which also provided a shield from electromagnetic noise. The front of the EMAT needed some form of protection and electrical insulation from the conducting sample. In this case, a thin layer of plastic film was used (lOOmm thick), but in cases where the EMAT is to be used on hot samples (upto 500 0 C with water cooling) both mica and ceramic discs have been used to protect the EMAT face.
The EMAT can then be used as a detector or generator of radially polarised shear waves and in send-receive mode where the transducer is simultaneously used as both generator and detector. Another type of spiral coil EMAT has been used in a sendreceive mode which uses a generation coil concentric with a detection coil, in this instance the coils being would from O.2mm diameter wire. This design is more akin to the piezoelectric twin crystal probes, and can be directly used with a two channel flaw detector only requiring an external preamplifier. All of the EMATs described here are comparable in size to typical PZT transducers, and are compatible with existing technology.
EXPERIMENTAL DETAILS
Adhesive bonds were constructed from two dissimilar thickness aluminium plate adherents (approx 3.34mm and 4.83mm thick respectively), bonded by an aerospace epoxy adhesive. Bonds were analysed in both through transmission (IT) and sendreceive (SR) geometries. IT requires access to both sides of the bond, but is more sensitive than SR. SR on the other hand only requires access to one side of the bonded sample, but is not as sensitive as IT. The acoustic pulse generated by the EMAT described here were broadband. Thus, the ultrasonic signal had a short time duration. giving it a high spatial resolution in the direction of propagation. This allowed the direct resolution of echoes within the adhesive layer which is typically lOOllm thick. A SR waveform obtained from a bonded sample is shown in fig.2 . A thicker adhesive layer than normal was used here (approx 250mm), in order to clearly separate the features of the pulse reflected form the near interface, and that which reverberated within the adhesive layer travelling an extra 2 adhesive thicknesses than the proceeding pulse. This is shown in fig.3 . From this window, amplitude measurements and time between the principal pulse and the adhesive echo were recorded. The amplitude of the first pulse contains information about the reflection coefficient at the near adherent-adhesive interface. The bond reverberation amplitude contains information of the near interface reflection coefficient, adhesive bulk and the far interface reflection coefficient.
Experiments were also performed on a 2 part epoxy adhesive curing between 2 aluminium plates to form an adhesive bond. Both amplitude and shear wave velocity measurements in SR and TT geometries were performed simultaneously on the curing sample. 
RESULTS
The pulse amplitude c-scans for a defective sample containing a void region and a sample containing a grease contamination on one adherent are shown in figs 4&5 respectively. The void would have easily been detected using a conventional immersion test or couplant requiring piezoelectric transducer type scan, but using the EMAT none of the practical problems associated with the need for a couplant were encountered. The grease contamination is shown where the defect is on the far adhesive-adherent interface and is clearly visible as a drop in signal amplitude.
During the monitoring of the epoxy cure, the amplitude of the pulse reflected back from the near interface was recorded (SR data) and the amplitude of the first shear wave arrival in TT was also recorded (see figs 6&7). These amplitude measurements appear reasonable when compared to those obtained by other workers [ 4, 5] .
Using EMAT shear waveforms obtained from an aerospace adhesively bonded sample and a blank adherent the phase velocities in the viscoelastic [6] epoxy layer ( fig.8 ) and in the aluminium plate ( fig.9 ) were calculated as described by Sachse [7] . .,. .,. .,. c.. 
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CONCLUSION
It has been shown that the EMAT system described in this paper has been successfully implemented in the analysis of adhesively bonded aluminium plates. Broadband radially polarised shear waves have been generated in a non-contact regime, making scanning far easier compared to instances where acoustic couplant is required. The system has also been used to monitor the state of cure of a 2 component epoxy between 2 aluminium adherents, showing the expected behaviour, but once again without any of the problems or considerations that occur when using coupled ultrasonic transducers.
